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signal changing its value according to the envelope shape of the RF signal to be amplified. The amplifier arrangement further com- 
prises an adjusting device (40) arranged to adjust, using the output signal, the bias current of the amplifier such that the magnitude 
of the output signal and the magnitude of the bias current change in the same direction. 
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Linearization method and amplifier arrangement 

FIELD OF THE INVENTION 

[0001] The invention relates to a linearization method for an ampli- 
fier amplifying an RF signal with a variable envelope. 

5 BACKGROUND OF THE INVENTION 

[0002] Amplifier arrangements employ different linearization meth- 
ods enabling the occurrence of interfering signals, such as distortions, noise 
and non-linear distortion, to be reduced in an output signal of an amplifier. 

[0003] US 5 420 536, for example, discloses a non-linear amplifier 

10 linearization method based on a feedback circuit in an amplifier. 

[0004] In Fl 9602814, linearization is carried out by predistorting a 
signal to be coupled to an output stage. The linearization is based on the fact 
that a device implementing the predistortion and the output stage have inverse 
operating characteristics compared with each other. 

15 [0005] The solution disclosed in US 5 136 257 comprises measur- 

ing the output power of an amplifier, which is compared to a predicted value. 
The solution employs feedback, and information obtained from the feedback is 
used for adjusting the bias of a multi-stage amplifier. The solution disclosed is 
relatively complex to implement. 

20 [0006] The linearization methods based on feedback are not par- 

ticularly suitable for use in effective amplifier stages. The linearization methods 
are not optically suitable for use in amplifiers amplifying high frequency signals 
either. Furthermore, the known linearization methods are relatively complex to 
implement. 

25 BRIEF DESCRIPTION OF THE INVENTION 

[0007] An object of the invention is thus to provide a method and an 
apparatus implementing the method so as to enable the above-mentioned 
problems to be alleviated. This is achieved by a method of the type disclosed 
in the preamble, which is characterized by sampling an RF signal to be ampli- 

30 fied in order to generate an output signal changing its value according to the 
envelope shape of the RF signal to be amplified, and adjusting, using the out- 
put signal generated, the bias current of the amplifier such that the output sig- 
nal and the bias current change in the same direction. 
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[0008] This is also achieved by a method of the type disclosed in 
the preamble, which is characterized by sampling an RF signal to be amplified 
in order to generate an output signal changing its value according to the enve- 
lope shape of the RF signal to be amplified, generating a signal proportional to 
5 an input current of the amplifier, and generating an adjustment signal to adjust 
the magnitude of the bias current of the amplifier such that the signal propor- 
tional to the input current and said output signal are taken into account in the 
generation process. 

[0009] The invention also relates to an amplifier arrangement for 

10 linearizing an amplifier amplifying an RF signal with a variable envelope. 

[0010] The arrangement of the invention is characterized in that the 
amplifier arrangement comprises a sampling device for sampling an RF signal 
to be amplified, a control device arranged to generate, using samples, an out- 
put signal changing its value according to the envelope shape of the RF signal 

15 to be amplified, the amplifier arrangement comprising an adjusting device ar- 
ranged to adjust, using the output signal, the bias current of the amplifier such 
that the magnitude of the output signal and the magnitude of the bias current 
change in the same direction. 

[0011] The arrangement of the invention is further characterized in 

20 that the amplifier arrangement comprises a sampling device for sampling an 
RF signal to be amplified, a control device for generating, using samples, an 
output signal changing its value according to the envelope shape of the RF 
signal to be amplified, and the amplifier arrangement being arranged to gener- 
ate a signal proportional to an input current of the amplifier, and the amplifier 

25 arrangement comprising an adjusting device arranged to generate an adjust- 
ment signal to adjust the magnitude of the bias current of the amplifier, the ad- 
justment signal being proportional to the input current of the amplifier and said 
output signal. 

[0012] Preferred embodiments of the invention are disclosed in the 
30 dependent claims. 

[0013] The invention is based on changing the bias point of an am- 
plifier according to the envelope of a signal to be amplified such that the power 
consumption of the amplifier is taken into account in the process of changing 
the bias point. 

35 [0014] The method and arrangement of the invention provide sev- 

eral advantages. The arrangement is suitable for linearizing an amplifier ampli- 
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fying signals with variable envelopes in particular. The linearization method 
enables more low-power amplifiers to be used, which means that the waste 
heat produced by the amplifier can be reduced. The method is suitable for use 
in amplifiers amplifying e.g. OFDM signals, whose levels vary considerably. 
5 [0015] The arrangement is suitable both for narrowband and broad- 

band modulated signals. In addition, the arrangement remains stable within a 
wide temperature range, which reduces the heat produced by the amplifier. 
The arrangement is simple and cost-effective to implement. The arrangement 
can thus be readily applied e.g. to systems comprising several amplifiers. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The invention is now described in closer detail in connection 
with the preferred embodiments and with reference to the accompanying draw- 
ings, in which 

[0017] Figure 1 shows a first embodiment of an amplifier arrange- 

15 ment, 

[0018] Figure 2 shows how bias current changes as a function of 
RF input power, and 

[0019] Figure 3 shows how an output signal of a control device 
changes as a function of RF input power. 

20 DETAILED DESCRIPTION OF THE INVENTION 

[0020] Referring to Figure 1 , an amplifier arrangement comprises a 
coupling device 10, a sampling device 20, a control device 30, an adjusting 
device 40, an amplifier 50 and a resistor 60. The amplifier arrangement is ar- 
ranged to linearize an amplifier for a signal with a variable envelope. 

25 [0021] The figure shows that an RF input signal is conveyed to the 

input of the amplifier 50, the RF input signal being amplified into an RF output 
signal in the amplifier. The signal applied to the input of the amplifier 50 has a 
variable envelope. The linearization method is suitable for use in amplifiers 
amplifying signals having power peaks much greater than an average power. 

30 Such signals occur e.g. in RF signals broadband-modulated using e.g. OFDMA 
or CDMA methods. 

[0022] In the following, the invention is applied to the amplifier 50 
meeting the criteria set for a so-called class A amplifier. Typically, a class A 
amplifier is extremely linear. The amplifier 50 shown in Figure 1 can be imple- 

35 mented e.g. using field effect transistors, bipolar junction transistors or e.g. 
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electron tubes. The amplifier may comprise several amplifier stages. The bias 
point of the amplifier is adjustable, and the amplification of the amplifier re- 
mains constant within a normal operating range, or the amplification increases 
when the bias point is moved higher. 
5 [0023] A bias point herein refers to the current an amplifier stage 

most probably would assume at the prevailing control signal level when no sig- 
nal to be amplified exists. When the amplifier operates in class A, the bias cur- 
rent is roughly the same irrespective of whether or not the amplifier receives a 
signal to be amplified. 

10 [0024] Figure 1 shows that the coupling device 10 is coupled to the 

input of the amplifier 50. The coupling device 10 couples part of the RF input 
signal to the sampling device 20, which detects the received signal. The opera- 
tion of the coupling device can be based e.g. on a capacitive, inductive or re- 
sistive coupling. The coupling device may be e.g. a directional coupler. The 

15 sampling device 20 can be implemented e.g. by a transistor coupling or a di- 
ode which rectifies signal samples. 

[0025] The sampling device is arranged to sample the RF signal 
coupled to the sampling device by the coupling device 10. The formed samples 
provide information on the signal coupled to the input of the amplifier 50. 

20 [0026] The output of the sampling device 20 is coupled to the con- 

trol device 30, which, on the basis of the samples, generates an output signal, 
i.e. a control signal, which changes its value according to the envelope shape 
of the RF signal. The output of the control device 30 is coupled to the adjusting 
device 40. The adjusting device 40 can at least partly be implemented e.g. by 

25 a transistor, which makes the implementation extremely simple. 

[0027] Figure 1 further shows that the amplifier 50 is coupled to an 
operating voltage Vcc through the resistor 60. Between the resistor 60 and the 
amplifier 50, the amplifier arrangement is coupled to the adjusting device 40, 
whose output is coupled to the amplifier 50. In place of the resistor, e.g. a sen- 

30 sor can be used to enable a signal proportional to the bias current to be gen- 
erated. 

[0028] In the following, the operation of the amplifier arrangement 
will be described in closer detail. The samples generated by the sampling de- 
vice 20 are supplied to the control device 30, which generates an output signal 
35 from the samples, the output signal changing its value according to the enve- 
lope shape of the RF signal supplied to the input of the amplifier. In the em- 
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bodiment shown in Figure 1, the output signal is supplied to the adjusting de- 
vice 40 adjusting the bias current of the amplifier by an adjustment signal gen- 
erated by the adjusting device. In another embodiment, the output signal gen- 
erated by the control device 30 is used for directly adjusting the bias current of 
5 the amplifier. The output signal of the control device is thus a voltage or current 
following the amplitude of the RF signal; this voltage or current will hereinafter 
be used in generating the adjustment signal controlling the bias current of the 
stage to be linearized. The higher the level of the RF signal to be amplified, the 
stronger the bias current the RF signal needs. 

10 [0029] Figure 2 shows a curve 100 illustrating how the bias current 

changes as a function of RF input power. Figure 2 further shows a curve 200 
illustrating how a FET gate voltage GV changes as a function of RF input 
power. Figure 3 shows a curve illustrating how the output signal of the control 
device 30 changes as a function of RF input power. 

15 [0030] The sampling device 20, which is used in signal detection, is 

implemented such that it is capable of following the changes in the RF signal 
levels, i.e. in practice the shape of the envelope of the RF signal, as quickly as 
possible. This means that the bandwidth of the sampling device is greater than 
the bandwidth of the modulated RF signal. 

20 [0031] It is also possible to amplify a sample signal before the sam- 

ple signal is detected if the RF signal level is too low to be detected. The signal 
following the envelope can also be generated from a signal in a digital form. In 
order to make signal formation akin to the described one easy to implement, a 
D/A conversion should be carried out in the amplifier and the resulting signal 

25 should be used for controlling the bias point of the amplifier. 

[0032] In practice, the D/A conversion is not necessarily carried out 
in the amplifier but the conversion is often carried out somewhere else since it 
is easier for the amplifier to couple one analogue control line than a digital bus. 

[0033] In OFDMA and WCDMA devices in particular, the signal fol- 

30 lowing the envelope is generated in the digital parts of the device from a signal 
in a digital form, which is then converted into an analogue signal. If necessary, 
the analogue signal is mixed to a desired frequency, filtered and amplified in 
the analogue parts. It would thus be easy for the digital parts to generate a 
signal proportional to the level of the envelope from the already digital signal 

35 and to inform e.g. several amplifier stages about the D/A-converted signal. 
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[0034] If more than two amplifier stages were used, the changes in 
the delays of the amplifier stages between two amplifier stages would make 
the timing of the control signal more difficult. In the disclosed method, if neces- 
sary, the sample signal can be taken from the output of the amplifier stage e.g. 

5 if the sample signal level taken from other points would be too low to enable 
easy measurement. The delays should be taken into account by using a cor- 
rection signal, which, however, would then be delayed by a delay caused by 
the amplifier stage, compared to a situation where no delays occur, so the de- 
lay of the amplifier stage has to be short with respect to the rate at which the 

10 envelope changes. 

[0035] In the disclosed method, the bias current is adjusted such 
that the changes in the output signal affect the magnitude of the bias current. 
An increase in the output signal thus results in an increase in the bias current. 
Correspondingly, a decrease in the output signal results in a decrease in the 

15 bias current. The output signal and the bias current thus change in the same 
direction. 

[0036] Furthermore, the adjusting device 40 receives a signal pro- 
portional to an input current of the amplifier. The signal proportional to the input 
current is generated from the voltage effective over the resistor 60, which is 

20 directly proportional to the current consumed by the amplifier. 

[0037] In principle, linearization could also work without any feed- 
back to provide information on the power consumption of the amplifier 50. In 
such a case, the output signal of the control device could be used for directly 
controlling the bias line of the amplifier, which in this case refers to the control 

25 line of the amplifier input through which the current signal or voltage signal set- 
ting the idle current is conveyed to the amplifier. 

[0038] In addition to a transistor, the adjusting device 40 can be im- 
plemented e.g. by a comparator coupling implemented by means of an opera- 
tional amplifier, an output signal generated by the control device being sup- 

30 plied to a first input of the comparator coupling and a signal proportional to the 
input current of the amplifier being supplied to a second input of the compara- 
tor coupling. The operational amplifier is used for measuring the power con- 
sumption of the amplifier. The operational amplifier compares the power con- 
sumption to the signal supplied from an RF-level detector. Using an adjustment 

35 signal obtained as a result of the comparison, the bias point of the amplifier 
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stage is controlled such that the bias current is directly dependent on the level 
of the RF signal supplied to the amplifier. 

[0039] A minimum level is set for the bias current, however, and the 
bias current will not be allowed to drop below this minimum level even if the RF 
5 input signal amplitude dropped to zero. The bias current minimum level, i.e. a 
so-called idle bias, is preferably set as low as possible so as to enable as low 
power consumption as possible. However, the minimum level of the bias cur- 
rent has to be chosen such that the amplification of the amplifier is not reduced 
too much. 

10 [0040] The minimum level of the bias current is set quite low, which 

means that the amplification of the amplifier is not reduced significantly. Using 
the detected RF signal, the bias current is increased as soon as the level of the 
RF signal to be amplified exceeds the signal level corresponding to the mini- 
mum bias current. Correspondingly, when the level of the RF input signal to be 

15 amplified decreases, the bias current also decreases at the same pace as the 
RF input signal level. 

[0041] The amplifier is thus constantly kept in class A, which means 
that an average bias current, i.e. also the current consumption of the amplifier, 
is considerably lower when CDMA and OFDMA type signals are amplified, 

20 compared to a situation where the amplifier employs a fixed bias. The dynamic 
adjustment of an operating point further enables distortion in an amplified sig- 
nal to be reduced. 

[0042] The amplifier 50 and the adjusting device 40 operating as a 
comparator combine to form a control loop enabling the voltage and voltage 

25 information of the signal obtained from current measurement to be kept as 
close to constant-ratio as possible compared to the voltage and voltage infor- 
mation of the control signal supplied from the control device. On the other 
hand, the voltage of the control signal may differ by the threshold voltage of the 
transistor from the voltage obtained from the current measurement. The differ- 

30 ence of the signals received by the adjusting device is thus kept almost con- 
stant. The signal obtained from the output of the control loop, in turn, follows 
the control signal. 

[0043] As was stated above, the comparison of signals carried out 
by the adjusting device 40 can be implemented e.g. by a transistor. If the com- 

35 parison is implemented e.g. by a PNP transistor, an emitter of the transistor is 
coupled to the amplifier stage and a detected signal is conveyed to a base of 
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the transistor. In the above situation, the detected signal is inverted before be- 
ing supplied to the base. A collector of the transistor provides the voltage or 
current to be coupled to the bias line of the amplifier. 

[0044] In the following, the operation of the adjusting device will be 

5 described by means of an example when the adjusting device is implemented 
by a transistor. Assume that the value of a current measurement resistor is 1 
ohm. Hence, 0...600 mA of bias current corresponds to 0...600 mV of differ- 
ence voltage. If the adjustment range of the bias current were 150 mA...600 
mA, this would mean that the voltage received by the amplifier would be 150 

10 mV...600 mV below the operating voltage. If it is assumed that the threshold 
voltage of the transistor used as the comparator is 700 mV, the voltage ob- 
tained from the detector has to be between 850 mV...1300 mV below the op- 
erating voltage. Since the transistor inverts the detected signal, the output of 
the sampling device has to be inverted. If the maximum input level of the am- 

1 5 plifier is e.g. +20 dBm, the particular adjustment range 1 50 mA. ..600 mA could 
correspond to an input power range of +7... +20 dBm. At input levels lower 
than the minimum input power level of the input power range, a 1 50-mA bias 
current would be used. 

[0045] If it is assumed that the output voltage of the control device 

20 drops e.g. 100 mV, the transistor starts conveying better, which means that the 
bias current of the amplifier starts to increase. An increase in the bias current 
results in an increase in the voltage drop of the resistor until the voltage drop 
has increased 100 mV. 

[0046] Although the invention has been described above with refer- 

25 ence to the example in the accompanying drawings, it is obvious that the in- 
vention is not restricted thereto but can be modified in many ways within the 
inventive idea disclosed in the attached claims. 
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CLAIMS 

1. A linearization method for an amplifier amplifying an RF signal 
with a variable envelope, characterized by 

sampling an RF signal to be amplified in order to generate an output 
5 signal changing its value according to the envelope shape of the RF signal to 
be amplified, and 

adjusting, using the output signal generated, the bias current of the 
amplifier such that the output signal and the bias current change in the same 
direction. 

10 2. A linearization method for an amplifier amplifying an RF signal 

with a variable envelope, characterized by 

sampling an RF signal to be amplified in order to generate an output 
signal changing its value according to the envelope shape of the RF signal to 
be amplified, 

15 generating a signal proportional to an input current of the amplifier, 

and 

generating an adjustment signal to adjust the magnitude of the bias 
current of the amplifier such that the signal proportional to the input current and 
said output signal are taken into account in the generation process. 
20 3. A method as claimed in claim 1 or 2, characterized by 

keeping the bias current at least at a predetermined minimum level irrespective 
of the output signal level. 

4. A method as claimed in claim 1 or 2, characterized by 
generating an output signal, which changes its current value or voltage value 

25 according to the changes in the envelope of the RF input signal. 

5. A method as claimed in claim 2, characterized by taking 
into account a differential signal of said output signal and the signal propor- 
tional to the input current in the generation of the adjustment signal. 

6. A method as claimed in claim 2, characterized by deter- 
30 mining the signal proportional to the input current over a resistor coupled to the 

operating voltage of the amplifier. 

7. A method as claimed in claim 2,characterized by chang- 
ing the value of the signal proportional to the input current in proportion to the 
change in said output signal. 
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8. A method as claimed in claim 2, characterized by keep- 
ing the magnitude of the differential signal constantly between predetermined 
limit values. 

9. A method as claimed in claim 2, characterized by keep- 
5 ing the magnitude of the differential signal constant. 

10. An amplifier arrangement for linearizing an amplifier (50) ampli- 
fying an RF signal with a variable envelope, characterized in that the 
arrangement comprises 

a sampling device (20) for sampling an RF signal to be amplified, 
10 a control device (30) arranged to generate, using samples, an out- 

put signal changing its value according to the envelope shape of the RF signal 
to be amplified, the amplifier arrangement comprising 

an adjusting device (40) arranged to adjust, using the output signal, 
the bias current of the amplifier such that the magnitude of the output signal 
1 5 and the magnitude of the bias current change in the same direction. 

1 1 . An amplifier arrangement for linearizing an amplifier (50) ampli- 
fying an RF signal with a variable envelope, characterized in that the 
arrangement comprises 

a sampling device (20) for sampling an RF signal to be amplified, 
20 a control device (30) for generating, using samples, an output signal 

changing its value according to the envelope shape of the RF signal to be am- 
plified, and 

the amplifier arrangement being arranged to generate a signal pro- 
portional to an input current of the amplifier, and the amplifier arrangement 
25 comprising 

an adjusting device (40) arranged to generate an adjustment signal 
to adjust the magnitude of the bias current of the amplifier, the adjustment sig- 
nal being proportional to the input current of the amplifier and said output sig- 
nal. 

30 12. An amplifier arrangement as claimed in claim 10 or 11, char- 

acterized in that the amplifier arrangement is arranged to keep the bias 
current at least at a predetermined minimum level irrespective of the level of 
the output signal. 

13. An amplifier arrangement as claimed in claim 10or11,char- 

35 acterized in that the control block (30) is arranged to generate an output 
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signal changing its current value or voltage value according to the changes in 
the envelope of the RF signal. 

14. An amplifier arrangement as claimed in claim 11, charac- 
terized in that the adjusting device (40) is arranged to generate an adjust- 

5 ment signal from a difference of the signal proportional to the input current and 
said output signal. 

15. An amplifier arrangement as claimed in claim 11, charac- 
terized in that the amplifier arrangement comprises a resistor (60), through 
which the amplifier is coupled to the operating voltage, and the amplifier ar- 

10 rangement is arranged to determine the signal proportional to the input current 
from the voltage effective over the resistor. 

16. An amplifier arrangement as claimed in claim 11, charac- 
terized in that the adjusting device (40) is arranged to generate an adjust- 
ment signal from the signal proportional to the input current and a differential 

15 signal of said output signal, and the adjusting device is arranged to keep the 
differential signal between predetermined limit values. 

17. An amplifier arrangement as claimed in claim 11, charac- 
terized in that the adjusting device (40) is arranged to generate an adjust- 
ment signal from the signal proportional to the input current and a differential 

20 signal of said output signal, and the adjusting device is arranged to keep the 
differential signal constant. 
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